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(67)  The present invention refers to an electrosurgi-
cal apparatus comprising:

a housing having a passage extending therethrough, the
housing having a proximal end and a distal end;

an electrically conducting tube having a proximal end and
a distal end, the electrically conducting tube being dis-
posed in the passage of the housing;

an insulating outer tube having a proximal end and a
distal end, the outer tube disposed around the electrically
conducting tube with the proximal end of the outer tube
coupled to the distal end of the housing, the electrically
conducting tube being movable along a longitudinal axis
of the housing and the outer tube between a first position
and a second position; and

a planar surgical blade for mechanical cutting made of
an electrically conducting material, wherein the blade is
coupled to an inner circumference of the distal end of the
electrically conducting tube such that two gas passage-
ways are formed on both sides of the blade,

wherein in the first position of the electrically conducting
tube, the blade extends beyond the distal end of the outer
tube for mechanical cutting and, in the second position
of the electrically conducting tube, the blade is retracted
within the outer tube,

wherein the electrically conducting tube is adapted to
conduct energy to a tip of the blade for electrically ener-
gizing the blade in the first position and the second po-

ELECTROSURGICAL APPARATUS WITH RETRACTABLE BLADE

sition, and

wherein the electrically conducting tube and the gas pas-
sageways are adapted to supply inert gas from the prox-
imal end of the housing through the electrically conduct-
ing tube to the tip of the blade for generating plasma in
the second position.
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fiine

FIG. 1

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 2 910 214 A1
Description
PRIORITY

[0001] This application claims priority on U.S. Provisional Patent Appl. No. 61/411,174, filed November 8, 2010, entitled
"ELECTROSURGICAL APPARATUS WITH RETRACTABLE BLADE", the content of which is hereby incorporated by
reference in its entirety.

BACKGROUND

[0002] Field. The presentdisclosure relates generally to electrosurgery and electrosurgical systems and apparatuses,
and more particularly, to an electrosurgical apparatus with a retractable blade for use in cold plasma applications,
electrosurgical cutting and mechanical cutting.

[0003] Description of the Related Art. High frequency electrical energy has been widely used in surgery. Tissue is cut
and bodily fluids are coagulated using electrosurgical energy.

[0004] Electrosurgical instruments generally comprise "monopolar" devices or "bipolar" devices. Monopolar devices
comprise an active electrode on the electrosurgical instrument with areturn electrode attached to the patient. Inmonopolar
electrosurgery, the electrosurgical energy flows through the active electrode on the instrument through the patient’s
body to the return electrode. Such monopolar devices are effective in surgical procedures where cutting and coagulation
of tissue are required and where stray electrical currents do not pose a substantial risk to the patient.

[0005] Bipolar devices comprise an active electrode and a return electrode on the surgical instrument. In a bipolar
electrosurgical device, electrosurgical energy flows through the active electrode to the tissue of a patient through a short
distance through the tissue to the return electrode. The electrosurgical effects are substantially localized to a small area
of tissue that is disposed between the two electrodes on the surgical instrument. Bipolar electrosurgical devices have
been found to be useful with surgical procedures where stray electrical currents may pose a hazard to the patient or
where other procedural concerns require close proximity of the active and return electrodes. Surgical operations involving
bipolar electrosurgery often require methods and procedures that differ substantially from the methods and procedures
involving monopolar electrosurgery.

[0006] Gas plasma is an ionized gas capable of conducting electrical energy. Plasmas are used in surgical devices
to conduct electrosurgical energy to a patient. The plasma conducts the energy by providing a pathway of relatively low
electrical resistance. The electrosurgical energy will follow through the plasma to cut, coagulate, desiccate, or fulgurate
blood or tissue of the patient. There is no physical contact required between an electrode and the tissue treated.
[0007] Electrosurgical systems that do not incorporate a source of regulated gas can ionize the ambient air between
the active electrode and the patient. The plasma that is thereby created will conduct the electrosurgical energy to the
patient, although the plasma arc will typically appear more spatially dispersed compared with systems that have a
regulated flow of ionizable gas.

[0008] Atmospheric pressure discharge cold plasma applicators have found use in a variety of applications including
surface sterilization, hemostasis, and ablation of tumors. In the latter example, the process can be relatively slow,
generate large volumes of noxious smoke with vaporized and charred tissue, and may cause collateral damage to
surrounding healthy tissue when high power electrosurgical energy is used. Precision accuracy can also be a problem,
due to the width of the plasma beam.

[0009] Often, a simple surgical knife is used to excise the tissue in question, followed by the use of a cold plasma
applicator for cauterization, sterilization, and hemostasis. An improved approach would have both facilities in the same
surgical tool.

SUMMARY

[0010] The present disclosure relates to an electrosurgical apparatus with a retractable blade for use in cold plasma
applications, electrosurgical cutting and mechanical cutting. The advancement of this new approach is to use the tip of
the retractable blade as the sharp conductive point to generate the plasma beam or discharge. When the blade is
retracted within the electrosurgical apparatus, it is electrically energized while an inert gas flows over it, producing a cold
plasma discharge. In the de-energized state, the blade is advanced and used as a traditional surgical blade. In a third
state, the blade is advanced and used while both electrically energized and with inert gas flow. This third state resembles
an electrosurgical knife approach, however, with the addition of the inert gas flow, cuts made show virtually no eschar,
with very little collateral damage along the side walls of the cut. Furthermore, the cutting speed is considerably faster,
with less mechanical cutting resistance as compared to when the knife blade is not electrically energized. Hemostasis
is also affected during this process.

[0011] In one aspect of the present disclosure, an electrosurgical apparatus is provided including a housing having a
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passage extending therethough, the housing having a proximal end and a distal end; an electrically conducting tube
having a proximal end and a distal end, the electrically conducting tube being disposed in the passage of the housing;an
insulating outer tube having a proximal end and a distal end, the outer tube disposed around the electrically conducting
tube with the proximal end of the outer tube coupled to the distal end of the housing, the electrically conducting tube
being movable along a longitudal axis of the housing and outer tube; and an electrically conducting blade coupled to
the distal end of the electrically conducting tube, wherein in a first position of the electrically conducting tube, the blade
extends beyond the distal end of the outer tube for mechanical cutting and, in a second position of the electrically
conducting tube, the blade is retracted within the outer tube and is energized via the electrically conducting tube to form
plasma when an inert gas flows through the electrically conducting tube,wherein the electrically conducting tube is
configured as a structural current limiting capacitor to limit current applied to a operative site when the electrically
conducting tube is energized.

[0012] In another aspect, the electrically conducting tube includes a first, inner flow tube having a proximal end and
adistal end; a second, outer flow tube having a proximal end and a distal end; and a cylindrical insulator disposed around
the distal end of the first, inner flow tube for coupling the first, inner flow tube to an inner portion of the proximal end of
the second, outer flow tube, wherein an overlapping portion of the first, inner flow tube, the cylindrical insulator and the
second, outer flow tube forms the structural current limiting capacitor.

[0013] In a further aspect, at least one of the first, inner flow tube and second, outer flow tube is movable relative to
each other to varying a capacitance value of the structural current limiting capacitor.

[0014] In another aspect, the electrosurgical apparatus includes a first slider member coupled to the first, inner flow
tube for variably setting a current limit of the capacitor, the first slider member being accessible on the housing.

[0015] In yet another aspect, the electrosurgical apparatus includes a second slider member coupled to the second,
outer flow tube for extending and retracting the blade, the second slider member being accessible on the housing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The above and other aspects, features, and advantages of the present disclosure will become more apparent
in light of the following detailed description when taken in conjunction with the accompanying drawings in which:

FIG. 1 is an illustration of an exemplary monopolar electrosurgical system in accordance with an embodiment of
the present disclosure;

FIG. 2A is a schematic diagram of an electrosurgical apparatus in accordance with an embodiment of the present
disclosure;

FIG. 2B is a cross sectional view of the electrosurgical apparatus shown in FIG. 2A taken along line A-A;

FIG. 3Ais an enlarged cross sectional view of the electrosurgical apparatus in accordance with an embodiment of
the present disclosure;

FIG. 3B illustrates a front view of the electrosurgical apparatus shown in FIG. 3A taken along line B-B;

FIG. 4 is an enlarged cross sectional view of the electrosurgical apparatus shown in FIG. 3A with a blade extended;
FIG. 5 is a cross sectional view of an electrosurgical apparatus in accordance with another embodiment of the
present disclosure;

FIGS. 6Aand 6B illustrate a variable structural capacitor to be employedin an electrosurgical apparatus inaccordance
with an embodiment of the present disclosure;

FIGS. 7Aand 7B illustrate a variable structural capacitor to be employedin an electrosurgical apparatus in accordance
with another embodiment of the present disclosure; and

FIG. 8 illustrates an exemplary electrosurgical apparatus including an articulating distal end in accordance with an
embodiment of the present disclosure.

[0017] It should be understood that the drawing(s) is for purposes of illustrating the concepts of the disclosure and is
not necessarily the only possible configuration for illustrating the disclosure.

DETAILED DESCRIPTION

[0018] Preferred embodiments of the present disclosure will be described hereinbelow with reference to the accom-
panying drawings. In the following description, well-known functions or constructions are not described in detail to avoid
obscuring the present disclosure in unnecessary detail. In the drawings and in the description which follow, the term
"proximal", as is traditional, will refer to the end of the device, e.g., instrument, apparatus, applicator, handpiece, forceps,
etc., which is closer to the user, while the term "distal" will refer to the end which is further from the user. Herein, the
phrase "coupled" is defined to mean directly connected to or indirectly connected with through one or more intermediate
components. Such intermediate components may include both hardware and software based components.
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[0019] FIG. 1 shows an exemplary monopolar electrosurgical system generally indicated as 10 comprising an elec-
trosurgical generator (ESU) generally indicated as 12 to generate power for the electrosurgical apparatus 10 and a
plasma generator generally indicated as 14 to generate and apply a plasma stream 16 to a surgical site or target area
18 on a patient 20 resting on a conductive plate or support surface 22. The electrosurgical generator 12 includes a
transformer generally indicated as 24 including a primary and secondary coupled to an electrical source (not shown) to
provide high frequency electrical energy to the plasma generator 14. Typically, the electrosurgical generator 12 comprises
anisolated floating potential not referenced to any potential. Thus, current flows between the active and return electrodes.
If the output is not isolated, but referenced to "earth", current can flow to areas with ground potential. If the contact
surface of these areas and the patient is relatively small, an undesirable burning can occur.

[0020] The plasma generator 14 comprises a handpiece or holder 26 having an electrode 28 at least partially disposed
within a fluid flow housing 29 and coupled to the transformer 24 to receive the high frequency electrical energy therefrom
to at least partially ionize noble gas fed to the fluid flow housing 29 of the handpiece or holder 26 to generate or create
the plasma stream 16. The high frequency electrical energy is fed from the secondary of the transformer 24 through an
active conductor 30 to the electrode 28 (collectively active electrode) in the handpiece 26 to create the plasma stream
16 for application to the surgical site 18 on the patient 20. Furthermore, a current limiting capacitor 25 is provided in
series with the electrode 28 to limit the amount of current being delivery to the patient 20.

[0021] The return path to the electrosurgical generator 12 is through the tissue and body fluid of the patient 20, the
conductor plate or support member 22 and a return conductor 32 (collectively return electrode) to the secondary of the
transformer 24 to complete the isolated, floating potential circuit.

[0022] In another embodiment, the electrosurgical generator 12 comprises an isolated non-floating potential not ref-
erenced to any potential. The plasma current flow back to the electrosurgical generator 12 is through the tissue and
body fluid and the patient 20. From there, the return current circuit is completed through the combined external capacitance
to the plasma generator handpiece 26, surgeon and through displacement current. The capacitance is determined,
among other things, by the physical size of the patient 20. Such an electrosurgical apparatus and generator are described
in commonly owned U.S. Patent No. 7,316,682 to Konesky, the contents of which are hereby incorporated by reference
in its entirety.

[0023] Itis to be appreciated that transformer 24 may be disposed in the plasma generator handpiece 26, as will be
described in various embodiments below. In this configuration, other transformers may be provided in the generator 12
for providing a proper voltage and current to the transformer in the handpiece, e.g., a step-down transformer, a step-up
transformer or any combination thereof.

[0024] Referring to FIG. 2A, an electrosurgical apparatus 100 in accordance with the present disclosure is illustrated.
Generally, the apparatus 100 includes a housing 102 having a proximal end 103 and a distal end 105 and a tube 104
having an open distal end 106 and a proximal end 108 coupled to the distal end 105 of the housing 102. The housing
102 includes a right side housing 110 and left side housing 112, and further includes provisions for a button 114 and
slider 116. Activation of the slider 116 will expose a blade 118 at the open distal end 106 of the tube 104. Activation of
the button 114 will apply electrosurgical energy to the blade 118 and, in certain embodiments, enable gas flow through
the flow tube 122, as will be described in detail below.

[0025] Additionally, a transformer 120 is provided on the proximal end 103 of the housing for coupling a source of
radio frequency (RF) energy to the apparatus 100. By providing the transformer 120 in the apparatus 100 (as opposed
to locating the transformer in the electrosurgical generator), power for the apparatus 100 develops from higher voltage
and lower current than that required when the transformer is located remotely in the generator, which results in lower
thermalization effects. In contrast, a transformer back in the generator produces applicator power at a lower voltage,
higher current with greater thermalization effects. Therefore, by providing the transformer 120 in apparatus 100, collateral
damage to tissue at the operative site is minimized.

[0026] A cross section view along line A-A of the apparatus 102 is shown in FIG. 2B. Disposed within the housing 102
and tube 104 is flow tube 122 which runs along the longitudinal axis of the apparatus 100. On a distal end 124 of the
flow tube 122, the blade 118 is retained within the flow tube 122. A proximal end 126 of the flow tube 122 is coupled to
a source of gas via a tube connector 128 and flexible tubing 129. The proximal end 126 of the flow tube 122 is also
coupled to a source of RF energy via plug 130 which couples to transformer 120. The flow tube 122 is made of an
electrically conducting material, preferably stainless steel, as to conduct the RF energy to the blade 118 when being
employed for plasma applications or electrosurgical cutting as will be described below. The outer tube 104 is constructed
from non-conductive material, e.g., Lestran. The slider 116 is coupled to the flow tube 122 via a retaining collar 132. A
printed circuit board (PCB) 134 is disposed in the housing 102 and controls the application of the RF energy from the
transformer 120 via the button 114.

[0027] Itistobe appreciated thatthe slider 116 may be freely moveable in a linear direction or may include a mechanism
for incremental movements, e.g., a ratchet movement, to prevent an operator of the apparatus 100 from over extending
the blade 118. By employing a mechanism for incremental movements of the blade 118, the operator will have greater
control over the length of the exposed blade 118 to avoid damage to tissue at the surgical site.
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[0028] An enlarged view of the distal end 106 of the outer tube 104 is also illustrated in FIG. 2B. Here, the blade 118
is coupled to the flow tube 122 which is held in place in the outer tube 104 by at least one seal 136. The at least one
seal 136 prevents backflow of gas into tube 104 and housing 102. A cylindrical ceramic insert 138 is disposed in the
distal end of the outer tube 104 to maintain the blade along the longitudinal axis of the apparatus 100 and provide
structural support during mechanical cutting when the blade is exposed beyond the distal end of the outer tube 104.
[0029] The operational aspect of the apparatus 100 will now be described in relation to FIGS. 3A and 3B , where FIG.
3A shows an enlarged cross section of the apparatus and FIG. 3B illustrates a front view of the apparatus.

[0030] Referringto FIG. 3A, the flow tube 122 is disposed in the outer tube 104 with a cylindrical insulator 140 disposed
around the flow tube 122. Slider 116 is coupled to the insulator 140 and is employed to extend and retract the blade
118. At the distal end 106 of the outer tube 104, the annular or ring shaped seal 136 and cylindrical ceramic insert 138
are disposed about the flow tube 122. As can be seen In FIG. 3B, the generally planar blade 118 is coupled to an inner
circumference of the cylindrical flow tube 122 such that two gas passageways 142, 144 are formed on the both sides
of the blade 118. As gas flows from the proximal end 103 of the housing through the flow tube 122, the gas will pass
over the blade 118 out the distal end of the outer tube 104.

[0031] When the blade is in the retracted position as shown in FIG. 3A, the apparatus 102 is suitable for generating
plasma. In the retracted position, RF energy is conducted to a tip 146 of the blade 118 from an electrosurgical generator
(not shown) via the flow tube 122. An inert gas, such as helium or argon, is then supplied to the flow tube from either
the electrosurgical generator or an external gas source. As the inert gas flows over the sharp point 146 of the blade 118
held high voltage and high frequency, a cold plasma beam is generated.

[0032] Referring to FIG. 4, the blade 118 is advanced, via slider 116, so the tip 146 is extended pass the distal end
106 of the outer tube 104. In this state, the blade 118 can be used for two cutting modes: mechanical cutting and
electrosurgical cutting. In the mechanical cutting mode, RF or electrosurgical energy is not applied to the flow tube 122
or blade 118, and therefore, the blade 118 is in a de-energized state. In this mode, the blade 118 can be used excise
tissue via mechanical cutting. After the tissue is removed, the blade 118 may be retracted via the slider 116 and elec-
trosurgical energy and gas may be applied via button 114 to generate a cold plasma beam for cauterization, sterilization
and/or hemostasis of the operative patient site.

[0033] In the electrosurgical cutting mode, the blade 118 is advanced and used while both electrically energized and
with inert gas flow. This configuration resembles an electrosurgical knife approach, where the electrosurgical energy
does the cutting. However, with the addition of the inert gas flow, cuts made show virtually no eschar, with very little
collateral damage along the side walls of the cut. The cutting speed is considerably faster, with less mechanical cutting
resistance as compared to when the knife blade is not electrically energized, i.e., the mechanical cutting mode. Hemos-
tasis is also affected during this process.

[0034] In another embodiment, an electrosurgical apparatus 200 as shown in FIG. 5 is configured with a structural
current limiting capacitor in the distal end of the apparatus or handpiece to limit the current applied to the operative site
of the patient. Generally, a capacitor is formed by two parallel conductive plates with an insulating dielectric material in
between them. The capacitance is defined by:

C = Kgo (A/d) (1)

where C is the capacitance in Farads, K is the dielectric constant (sometimes called "relative permittivity"), ¢, is the
permittivity of free space (approximately 8.854 x 10-12 Farad/meter), A is the area of the capacitor plates, and d is their
separation distance. Some typical values for dielectric constant are 1.000 for a vacuum (by definition), 1.00054 for air,
3.8 for fused quartz, and 2.1 for polytetrafluoroethylene ("Teflon"). The parallel plates of a capacitor can take the form
of concentric conductive tubes with the insulating dielectric between them as shown In FIG. 5, and can also form a
structural, as well as electrical element.

[0035] Referring to the embodiment shown in FIG. 5, the flow tube of the apparatus 200 includes a first inner flow tube
212 coupled to a second, outer flow tube 213. The inner flow tube 212 has a smaller outer diameter than the inner
diameter of the outer flow tube 213. A cylindrical insulator 240 is disposed around a distal portion of the inner flow tube
212 and then inserted into the outer flow tube 213. As shown in FIG. 5, the inner flow tube 212 is inserted into the outer
flow tube 213 approximately a distance equal to the length of the insulator 240. The resulting coaxial structure 250
creates a capacitive coupling for the inner and outer flow tubes 212, 213, where the total capacitance is approximately
equal to the capacitance of the coaxial structure 250 plus the capacitance of the remaining length of outer flow tube 213.
The coaxial structure 250 acts as a current-limiting capacitor limiting the current applied to the operative site of the
patient. When the slider 116 is moved to either extend or retract the blade 118, the components of the coaxial structure
250, including the inner flow tube 212, insulator 240 and outer flow tube 213, move together as a fixed unit. In other
aspects, the operation of the embodiment shown in FIG. 5 is similar to the embodiments described above.
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[0036] Inafurther embodiment, the electrosurgical apparatus of the present disclosure will include a variable structural
capacitor 350 as shown in FIG. 6. The capacitance of a structural capacitor can be varied, assuming a fixed dielectric
constant K, by varying the area between the inner and outer conductive tubes. Referring to FIG. 6, inner conductive
tube 312 and outer conductive tube 313 are configured to slide relative to each other, with a sleeve of dielectric insulator
340 between them fixed to one of the inner or outer tubes 312, 313 respectively. The degree of overlap of the inner and
outer conductive tubes 312, 313 affects the resulting capacitance. In the example shown in FIG. 6A, the insulating
dielectric sleeve 340 is fixed to the inner conductive tube 312. The approximately 50% overlap of the outer tube 313
over insulator 340, shown in FIG. 6A, results in a relative capacitance value of "C" and 100% overlap shown in FIG. 6B,
in a capacitance of "2C."

[0037] While capacitors will block direct current, and provide protection from galvanic currents in an electrosurgical
application, capacitors will pass alternating currents as a result of their capacitive reactance, which is defined by:

Xe =1/@2mfC) (2)

where X is the capacitive reactance (in units of resistance), C is the capacitance, and f is the frequency. Due to this
inverse relationship, as the capacitance increases, the capacitive reactance decreases. For a given applied voltage and
fixed frequency, as the capacitance increases, the amount of current limited by this capacitor will also increase as a
result of decreased capacitive reactance.

[0038] In the example shown in FIG. 6, the capacitance setting in FIG. 6A limits the current to a lower value than the
setting shown in FIG. 6B. In this embodiment, a second slider (not shown) provides the opportunity to adjust this value
at the hand piece during a surgical procedure, without being interrupted to make an adjustment at the generator.
[0039] Itis important to note that when adjusting the current limiting value through varying the relative positions of the
inner and outer conductive tubes, that other moveable components, such as the position of the retractable blade, not
also be affected. One way to achieve this is with a dual slider configuration 450 as shown in FIG 7. One side of the
slider, or inner conductive tube 412, has the dielectric insulating sleeve 440 to act as the adjustable current limiting
capacitor. The other side simply maintains electrical contact to a second outer conductive tube 442 which attaches to
the retractable blade (not shown), and allows relative movement without disturbing the position of the retractable blade.
This is illustrated in FIG. 7, showing a low current limit value on the left (FIG. 7A), and a high current limit value on the
right (FIG. 7B). The position of the inner "slider" tube 412 may be controlled manually by the surgeon via a first slider
member, or automatically by electromechanical, pneumatic or similar means. This provides the opportunity to create a
feedback loop where the current limit is self-adjusted based on a measured parameter such as absorbed power, tissue
temperature, tissue impedance or tissue type. A second slider member may be provided and coupled to the outer tube
442 to extend and retract the blade, when the blade is coupled to the distal end of the outer tube 442.

[0040] In a further embodiment, the electrosurgical apparatus of the present disclosure will have an articulating distal
end. Referring to FIG. 8, the electrosurgical apparatus 500 will have similar aspects to the embodiments described above
with the distal end 506, e.g., approximately 2 inches, being flexible to maneuver the distal end 506 at the surgical site.
An additional control 517, e.g., a slider, trigger, or the like, is provided in the proximal housing 502 to control the bending
of the distal end 506. As in the above described embodiments, a button 514 is provided to apply electrosurgical energy
to the blade 518 and, in certain embodiment, enable gas flow through the flow tube. Furthermore, slider 516 will expose
the blade 518 at the open distal end 506 upon activation.

[0041] In one embodiment, the articulating control 517 will include two wires, one pulling to articulate and one pulling
to straighten the distal end 506. The outer tube 504 will be the similar to the design shown in FIG. 2 and will be rigid,
preferably made of Ultem™ or similar material, up to the last 2 inches which would be made of a material similar to that
of a gastrointestinal (Gl) flexible scope. In certain embodiments, inside the outer tube 504 is constructed of a mesh
infused Teflon™ or similar material and a flexible insulating material that would allow the distal end 506 to bend at least
45° and not collapse the inner tube carrying the gas. The blade 518 will be made of a flexible metallic material such as
Nitinol™ that would be able to bend but would retain it's memory in the straightened position. Alternatively, a straight
metal blade 518 would be provided with the distal 2 inches made of a linked metal such that it would still carry a current
but would be bendable and the cutting portion of the blade 518 would be attached to the distal end of the linked portion.
[0042] While the disclosure has been shown and described with reference to certain preferred embodiments thereof,
it will be understood by those skilled in the art that various changes in form and detail may be made therein without
departing from the spirit and scope of the disclosure as defined by the appended claims.

[0043] Furthermore, although the foregoing text sets forth a detailed description of numerous embodiments, it should
be understood that the legal scope of the invention is defined by the words of the claims set forth at the end of this patent.
The detailed description is to be construed as exemplary only and does not describe every possible embodiment, as
describing every possible embodiment would be impractical, if not impossible. One could implement numerous alternate
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Item 1. An electrosurgical apparatus comprising:

a housing having a passage extending therethough, the housing having a proximal end and a distal end;

an electrically conducting tube having a proximal end and a distal end, the electrically conducting tube being
disposed in the passage of the housing;

an insulating outer tube having a proximal end and a distal end, the outer tube disposed around the electrically
conducting tube with the proximal end of the outer tube coupled to the distal end of the housing, the electrically
conducting tube being movable along a longitudal axis of the housing and outer tube; and

an electrically conducting blade coupled to the distal end of the electrically conducting tube, wherein in a first
position of the electrically conducting tube, the blade extends beyond the distal end of the outer tube for me-
chanical cutting and, in a second position of the electrically conducting tube, the blade is retracted within the
outer tube and is energized via the electrically conducting tube to form plasma when an inert gas flows through
the electrically conducting tube,

wherein the electrically conducting tube is configured as a structural current limiting capacitor to limit current
applied to a operative site when the electrically conducting tube is energized.

Iltem 2. An electrosurgical apparatus according to item 1, wherein the electrically conducting tube includes:

a first, inner flow tube having a proximal end and a distal end;

a second, outer flow tube having a proximal end and a distal end; and

a cylindrical insulator disposed around the distal end of the first, inner flow tube for coupling the first, inner flow
tube to an inner portion of the proximal end of the second, outer flow tube,

wherein an overlapping portion of the first, inner flow tube, the cylindrical insulator and the second, outer flow
tube forms the structural current limiting capacitor.

Item 3. An electrosurgical apparatus according to item 2, wherein at least one of the first, inner flow tube and second,
outer flow tube is movable relative to each other to varying a capacitance value of the structural current limiting
capacitor.

Iltem 4. An electrosurgical apparatus according to items 2 and 3, further comprising a first slider member coupled
to the first, inner flow tube for variably setting a current limit of the capacitor, the first slider member being accessible
on the housing.

Item 5. An electrosurgical apparatus according to any one of items 2 - 4, further comprising a second slider member
coupled to the second, outer flow tube for extending and retracting the blade, the second slider member being
accessible on the housing.

Item 6. An electrosurgical apparatus according to any one of items 1 to 5, further comprising a slider member coupled
to the electrically conducting tube for moving the electrically conducting tube thereby extending and retracting the
blade, the slider member being accessible on the housing.

Item 7. An electrosurgical apparatus according to item 6, wherein the slider member includes a ratchet mechanism
for incrementally moving the blade.

Item 8. An electrosurgical apparatus according to any one of items 1 - 7, further comprising a transformer disposed
on the proximal end of the housing, the transformer coupled to the electrically conducting tube for providing elec-
trosurgical energy thereto.

Item 9. An electrosurgical apparatus according to item 8, further comprising a button disposed on the housing and
coupled to an output of the transformer for activating and deactivating the electrosurgical energy to the electrically
conducting tube.

Item 10. An electrosurgical apparatus according to any one of items 1 - 9, wherein the electrically conducting blade
is generally planar and is coupled to an inner circumference of the electrically conducting tube.
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Item 11. An electrosurgical apparatus according to any one of items 1 - 10, wherein the electrically conducting tube
is configured from a conductive mesh.

Item 12. An electrosurgical apparatus according to any one of items 1 - 11, wherein the electrically conducting blade
is configured from a flexible material to articulate with the electrically conducting tube and the insulating outer tube.

Item 13. An electrosurgical apparatus according to any one of items 1 - 12, wherein the electrically conducting blade
is configured from at least two linked members to articulate with the electrically conducting tube and the insulating
outer tube.

Claims

An electrosurgical apparatus (100; 200; 500) comprising:

a housing (102) having a passage extending therethrough, the housing (102) having a proximal end (103) and
a distal end (105);

an electrically conducting tube (122; 212, 213; 312, 313; 412, 413) having a proximal end (126) and a distal
end (124), the electrically conducting tube (122; 212, 213; 312, 313; 412, 413) being disposed in the passage
of the housing (102);

an insulating outer tube (104) having a proximal end (108) and a distal end (106), the outer tube (104) disposed
around the electrically conducting tube (122; 212, 213; 312, 313; 412, 413) with the proximal end (108) of the
outer tube (104) coupled to the distal end (105) of the housing (102), the electrically conducting tube (122; 212,
213; 312, 313; 412, 413) being movable along a longitudinal axis of the housing (102) and the outer tube (104)
between a first position and a second position; and

a planar surgical blade (118, 518) for mechanical cutting made of an electrically conducting material, wherein
the blade (118, 518) is coupled to an inner circumference of the distal end (106) of the electrically conducting
tube (122; 212, 213; 312, 313; 412, 413) such that two gas passageways (142, 144) are formed on both sides
of the blade (118; 518),

wherein in the first position of the electrically conducting tube (122; 212, 213; 312, 313; 412, 413), the blade
(118; 518) extends beyond the distal end (106) of the outer tube (104) for mechanical cutting and, in the second
position of the electrically conducting tube (122; 212, 213; 312, 313; 412, 413), the blade (118; 518) is retracted
within the outer tube (104),

wherein the electrically conducting tube (122; 212, 213; 312, 313; 412, 413) is adapted to conduct energy to a
tip of the blade (118; 518) for electrically energizing the blade (118; 518) in the first position and the second
position, and

wherein the electrically conducting tube (122; 212, 213; 312, 313; 412, 413) and the gas passageways (142,
144) are adapted to supply inert gas from the proximal end (103) of the housing (102) through the electrically
conducting tube (122; 212, 213; 312, 313; 412, 413) to the tip of the blade (118; 518) for generating plasma in
the second position.

An electrosurgical apparatus (200; 500) according to claim 1, wherein the electrically conducting tube (212, 213;
312, 313; 412, 413) is configured as a structural current limiting capacitor to limit current applied to an operative
site when the electrically conducting tube (212, 213; 312, 313; 412, 413) is energized.

An electrosurgical apparatus (200; 500) according to claim 2, wherein the electrically conducting tube includes:

a first, inner flow tube (212; 312; 412) having a proximal end and a distal end;

a second, outer flow tube (213; 313; 413) having a proximal end and a distal end; and

a cylindrical insulator (240; 340; 440) disposed around the distal end of the first, inner flow tube (212; 312; 412)
for coupling the first, inner flow tube (212; 312; 412) to an inner portion of the proximal end of the second, outer
flow tube (213; 313; 413),

wherein an overlapping portion of the first, inner flow tube (212; 312; 412), the cylindrical insulator (240; 340;
440) and the second, outer flow tube (213; 313; 413) forms the structural current limiting capacitor.

4. An electrosurgical apparatus (200; 500) according to claim 3, wherein at least one of the first, inner flow tube (312;

412) and second, outer flow tube (313; 413) is movable relative to each other for varying a capacitance value of the
structural current limiting capacitor.
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An electrosurgical apparatus (200; 500) according to claims 3 and 4, further comprising a first slider member coupled
to the first, inner flow tube (312; 412) for variably setting a current limit of the capacitor, the first slider member being
accessible on the housing (102).

An electrosurgical apparatus (200; 500) according to any one of claims 3 - 5, further comprising a second slider
member coupled to the second, outer flow tube (313; 413) for extending and retracting the blade (118; 518), the
second slider member being accessible on the housing (102).

An electrosurgical apparatus (100; 200; 500) according to claim 1, further comprising a slider member (116) coupled
to the electrically conducting tube (122; 212, 213; 312, 313; 412, 413) for moving the electrically conducting tube
(122; 212, 213; 312, 313; 412, 413) thereby extending and retracting the blade (118; 518), the slider member (116)
being accessible on the housing (102).

An electrosurgical apparatus (100; 200; 500) according to claim 7, wherein the slider member (116) includes a
ratchet mechanism for incrementally moving the blade (118; 518).

An electrosurgical apparatus (100, 200; 500) according to claim 1, further comprising a transformer (120) disposed
on the proximal end (103) of the housing (102), the transformer (120) coupled to the electrically conducting tube
(122; 212, 213; 312, 313; 412, 413) for providing electrosurgical energy thereto.

An electrosurgical apparatus (100, 200; 500) according to claim 9, further comprising a button (114) disposed on
the housing (102) and coupled to an output of the transformer (120) for activating and deactivating the electrosurgical
energy to the electrically conducting tube (122; 212, 213; 312, 313; 412, 413).

An electrosurgical apparatus (500) according to any one of claims 7 - 10, wherein the electrically conducting tube
(122; 212, 213; 312, 313; 412, 413) is configured from a conductive mesh.

An electrosurgical apparatus (500) according to any one of claims 7 - 11, wherein the electrically conducting blade
(518) is configured from a flexible material to articulate with the electrically conducting tube (122; 212, 213; 312,
313; 412, 413) and the insulating outer tube (104).

An electrosurgical apparatus (500) according to any one of claims 7 - 12, wherein the electrically conducting blade
(518) is configured from at least two linked members to articulate with the electrically conducting tube (122; 212,
213; 312, 313; 412, 413) and the insulating outer tube (104).
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